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We study the Landau gauge gluon propagator at zero and finite tem- 
perature using lattice simulations. Particular attention is given to the finite 
size effects and to the infrared behaviour. 
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1. The gluon propagator at zero temperature 

In lattice QCD, the finite lattice spacing and finite lattice volume effects 
on the gluon propagator can be investigated with the help of lattice simu- 
lations at several lattice spacings and physical volumes. Here we report on 
such a calculation. For details on the lattice setup see pQ. 

In figure [U we show the renormalized gluon propagator at fj, = 4 GeV 
for all lattice simulations. Note that we compare our data with the large 
volume simulations performed by the Berlin-Moscow- Adelaide collaboration 
[2] - see pQ for details. In each plot we show data for a given value of /3, 
i.e. data in the same plot has the same lattice spacing. The plots show 
that, for a given lattice spacing, the infrared gluon propagator decreases as 
the lattice volume increases. For larger momenta, the lattice data is less 
dependent on the lattice volume; indeed, for momenta above ~900 MeV the 
lattice data define a unique curve. 

We can also investigate finite volume effects by comparing the renor- 
malized gluon propagator computed using the same physical volume but 
different (3 values. We are able to consider 4 different sets with similar 
physical volumes — see figure [2J Although the physical volumes considered 
do not match perfectly, one can see in figure that for momenta above 
~ 900 MeV the lattice data define a unique curve. This means that the 
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Fig. 1. Renormalized gluon propagator for /i = 4 GeV for all lattice simulations. 



renormalization procedure has been able to remove all dependence on the 
ultraviolet cut-off a for the mid and high momentum regions. However, 
a comparison between figures [T] and [2] shows that, in the infrared region, 
the corrections due to the finite lattice spacing seem to be larger than the 
corrections associated with the finite lattice volume. In particular, figure [2] 
shows that the simulations performed with j3 = 5.7, i.e., with a coarse lat- 
tice spacing, underestimate the gluon propagator in the infrared region. In 
this sense, the large volume simulations performed by the Berlin-Moscow- 
Adelaide collaboration provide a lower bound for the continuum infrared 
propagator. 



2. The gluon propagator at finite temperature 

We also aim to study how temperature changes the gluon propagator. 
At finite temperature, the gluon propagator is described by two tensor struc- 
tures, 

DfM = 5 ab (PjDrCfc, 0) + P^D L (q^, q)) (1) 
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Fig. 2. Comparing the renormalized gluon propagator at fj, = 4 GeV for various 
lattice spacings and similar physical volumes. 



where the transverse and longitudinal projectors are defined by 

Pi = (i- (V - q -f) , p»» = (<W - q -f) -P T u» ; (2) 

the transverse L>t and longitudinal Dl propagators are given by 

D T (q) = 2V{ ^ _ 1} ((A?{q)A?{-q)) - < ^{A a A (q)A a A (-q)) S j (3) 

D L (q) = y{N l _ 1} (l + f(AUq)At(-q))^ (4) 

On the lattice, finite temperature is introduced by reducing the temporal 
extent of the lattice, i.e. we work with lattices x Lt, with Lt <^ L s . The 
temperature is defined by T = 1/aLt. 

In table [2] we show the lattice setup of our simulation. Simulations in 
this section have been performed with the help of Chroma library [4j. For 
the determination of the lattice spacing we fit the string tension data in [3| 
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Temp. (MeV) 


P 


L s 


Lt 


a [fm] 


1/a (GeV) 


121 


6.0000 


32,64 


16 


0.1016 


1.9426 


162 


6.0000 


32,64 


12 


0.1016 


1.9426 


243 


6.0000 


32,64 


8 


0.1016 


1.9426 


260 


6.0347 


68 


8 


0.09502 


2.0767 


265 


5.8876 


52 


6 


0.1243 


1.5881 


275 


6.0684 


72 


8 


0.08974 


2.1989 


285 


5.9266 


56 


6 


0.1154 


1.7103 


290 


6.1009 


76 


8 


0.08502 


2.3211 


305 


5.9640 


60 


6 


0.1077 


1.8324 


305 


6.1326 


80 


8 


0.08077 


2.4432 


324 


6.0000 


32,64 


6 


0.1016 


1.9426 


486 


6.0000 


32,64 


4 


0.1016 


1.9426 



Table 1. Lattice setup used for the computation of the gluon propagator at finite 
temperature. 

in order to have a function a{(3). Note also that we have been careful in the 
choice of the parameters, in particular we have only two different spatial 
physical volumes: ~ (3.3fm) 3 and ~ (6.5fm) 3 . This allows for a better 
control of finite size effects. 

Figures and [H show the results obtained up to date. We see that the 
transverse propagator, in the infrared region, decreases with the tempera- 
ture. Moreover, this component shows finite volume effects; in particular, 
the large volume data exhibits a turnover in the infrared, not seen at the 
small volume data. The longitudinal component increases for temperatures 
below T c ~ 270 MeV. Then the data exhibits a discontinuity around T c , and 
the propagator decreases for T > T c . The behaviour of the gluon propaga- 
tor as a function of the temperature can also be seen in the 3d plots shown 
in figure 

As shown above, data for different physical (spatial) volumes exhibits 
finite volume effects. This can be seen in more detail in figure El where we 
show the propagators for two volumes at T=324 MeV. Moreover, we are 
also able to check for finite lattice spacing effects at T=305 MeV, where 
we worked out two different simulations with similar physical volumes and 
temperatures, but different lattice spacings. For this case, it seems that 
finite lattice spacing effects are under control, with the exception of the 
zero momentum for the transverse component - see figure [71 

Our results show that a better understanding of lattice effects is needed 
before our ultimate goal, which is the modelling of the propagators as a 
function of momentum and temperature. 
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Fig. 7. Longitudinal (left) and transverse (right) gluon propagator for different 
lattice spacings (but similar physical volume) at T=305 MeV. 



